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NUCLEIC ACIDS FROM RICE CONFERRING RESISTANCE 
TO BACTERIAL BLIGHT DISEASE CAUSED BY XANTHOMONAS SPP. 

Field of The Invention 
[0001] The present invention relates generally to plant molecular biology and genetics 
and to nucleic acids and methods for conferring resistance to bacterial disease in plants. 
[0002} Hie publications and odier materials used herein to illuminate the background of 
the invention or provide additional details respecting the practice are incorporated by 
reference and for ease of reference are included in the Bibliography. 

Background of the Invention 
[OO03J One of the important plant defense mechanisms that has evolved during the co- 
evolution of the plant-pathogen interaction is the so-called gene-for-gene interaction 
model (Flor, 1 971). According to a simple formation of this model, plant resistance (R) 
genes encode specific receptors for molecular signals generated by avirulence (Avr) genes 
from a pathogen. Subsequent signal transduction pathway(s) then cany the signal to a set 
of downstream target genes that initiate the host defenses (Dangl, 2001). The R gene- 
mediated defenses typically involve a rapid, localized necrosis, or hypersensitive response 
(HR) at the site of infection and the localized formation of antimicrobial chemicals and 
proteins that restrict growth of the pathogen (Greenberg, 1997). 

(0004) Numerous R genes have been cloned and characterized from dicots (Hulbert et aL» 
2001). However, only several R genes have been cloned from the cereals that contribute 
heavily to the supply of food for humans and feed for livestock, in part because of the 
complex genomes of most of these crop plants. In rice (Oryza sattva), the first cloned R 
gene was the Xa21 bacterial blight R gene that encodes a protein with putative 
extracellular receptor and cytoplasmic kinase domains (Song et al. 1995; US patent 
5,859,339). Three other rice R genes, the Xal bacterial blight R gene (Yoshmura et al., 
1998) and two rice blast £ genes, Pi-b (Wang et al., 1999) and PUta (Bryan et al., 2000; 
US patent 6,479,73 1 Bl) encode putative cytoplasmic receptor proteins with a nucleotide 
binding site. Pita protein also shows specifically physical interaction with AVR-Pi-ta 
protein both in the yeast two-hybrid system and an in vitro binding assay (Jia et al., 
2000). 
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[0005] Bacterial blight (BB) disease caused by Xanthomonas species affects virtually all 
crop plants and leads to extensive crop losses worldwide. BB in rice, caused by 
Xanthomonas oryzae pv oryzae (Xoo) has been one of the most serious disease in rice* 
affecting production in irrigated and rain-fed lowland ecosystems throughout Asia, 
northern Australia, mainland Africa, the southern part of United States and Latin 
America. Yield loss due to the disease ranges from 20 to 30% (Ou 1985). To date, die 
best control for BB in rice has been the use of varietal resistance. More than 20 R genes 
against BB have been identified (Kinoshita 1995; Lin et aL, 1 996; Zhang et aL, 1 998; 
Khush ct aL, 1 999; Gao et al., 2001) and two, Xa21 tm&Xal, have been cloned. Xa21 
originates from the wild species Oryza longistaminata and confers resistance to multiple 
Xoo isolates in transgenic plants (Wang et al. f 1996) while Xal confers a high level of 
race-specific resistance to race 1 strains of Xoo in Japan (Yoshmura et al, 1998). 
[0006] A novel BB-resistant locus was identified from a BC2 plant (plant 78-1) of a cross 
between cultivated rice O- sativa cv IR3 191 7-45-3-2 (1R31917) and wild rice species 
Oryza minuta Acc. 101141 (Amante-Bordeos et aU 1992). This report also suggested 
that a single gene or closely linked genes conferred race-specific resistance to Xoo strain 
PX099 (race 6) of the BB pathogen from the Philippines. 

Summary of the Invention 
1 0007] In one embodiment, the present invention provides the cloning and 
characterization of a gene encoding the resistance geneXa3I> which confers resistance to 
bacterial blight disease. In a preferred embodiment, the resistance is to bacterial blight 
disease caused by Xanthomonas species. 

[0008] In another embodiment, the invention provides a composition of matter which 
comprises a nucleic acid according to SEQ ID NO: 1, wherein the sequence confers 
resistance to bacterial blight to a plant transfected with fee nucleic acid. In other 
embodiments, the invention provides a substantially homologous variant of SEQ ID NO:l 
or a nucleic acid which hybridizes under stringent conditions to said sequence and confers 
resistance to bacterial blight to a plant transfected with the nucleic acid. In another 
embodiment, the invention provides a mtfleic acid that comprises at least 100 contiguous 
base pairs of SEQ ID NO: 1 and which confers resistance to bacterial blight to a plant 
transfected with the nucleic acid. 
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(0009] In another embodiment the invention provides a method of making a plant 
resistant to bacterial blight the method comprising transfecting the nucleic acid of SEQ 
ID NO:l into said plant or transfecting said nucleic acid into a plant cell or cells and 
growing a plant from said cell or cells wherein said nucleic acid confers resistance to 
bacterial blight when transfected into a plant that is not resistant to bacterial blight In 
another embodiment, the method of making a plant resistant to bacterial blight comprises 
transfecting a nucleic acid fragment of at least 100 base pairs of SEQ ID NO:l into said 
plant, wherein said fragment confers resistance to bacterial blight when transfected into a 
plant that is not resistant to bacterial blight 

[0010] Li another embodiment the invention provides a composition of matter which 
comprises one or more nucleic acids selected from the group consisting of SEQ ID NO;2 9 
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51 and SEQ 
ID NO:52, wherein said one or more nucleic acids confers resistance to bacterial blight 
when transfected into a plant that is not resistant to bacterial blight. In other 
embodiments, the invention provides one or more substantially homologous variants of 
said nucleic acids. 

[0011] In another embodiment the invention provides a method of making a plant 
resistant to bacterial blight the method comprising transfecting at least one nucleic acid 
selected from the group consisting of SEQ ID NO:2 9 SEQ ID NO:3, SEQ ID NO:4, SEQ 
ID NO:49 SEQ ID NO;50> SEQ ID NO:51 and SEQ ID NO:52 into said plant or into a 
plant cell that is not resistant to bac^rial^Kg^ ai^grpwing a plant there from. 
(0012] In another embodiment the invention provides a method of making a plant 
resistant to bacterial blight, the method comprising transfecting the plant with a fragment 
of at least 100 contiguous base pairs of SEQ ID NO:l which confers resistance to 
bacterial blight to a plant that is not resistani to bacterial blight In another embodiment 
the invention provides a method of making a plant resistant to bacterial blight the method 
comprising transfecting a plant cell with a fragment of at least 100 contiguous base pairs 
of SEQ ID NO:l which confers resistance to bacterial blight disease and growing a plant 
from the plant cell. 

10013] In yet a further embodiment the invention provides a composition of matter 
which comprises an isolated nucleic acid encoding a polypeptide as in SEQ ID NO-'5 or a 
fragment thereof or a substantially homologous variant thereof of said isolated nucleic 
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acid. 

[001 4 J In another embodiment, the invention provides a method of making a plant 
resistant to bacterial blight, the method comprising expressing in said plant a nucleic acid 
encoding SEQ ID NO:5. 

[0015] In other embodiments, the invention provides methods of making plants resistant 
to bacterial blight which comprise transfecting one or more nucleic acids of the invention 
into a plant cell and growing a plant from the cell. 

[001<5] In other embodiments, the invention provides vectors* which in a preferred 
embodiment are expression vectors, cells, which in a preferred embodiment are plant cells 
and/or plants, any of which may comprise a nucleic acid of the present inventioa In 
other embodiments, the vectors, cells and plants may comprise fragments or substantially 
homologous sequences which will hybridize to said sequences under stringent conditions 
and confer resistance to bacterial blight when transfected to a plant that is not resistant 
[0017] In another embodiment, the invention provides a transgenic plant, wherein the 
plant is transfected with the nucleic acid of SEQ ID WO:l and wherein the plant is 
resistant to bacterial blight 

[0018] In another embodiment, the invention provides a transgenic plant, wherein the 
plant is transfected with a nucleic acid encoding polypeptide of SEQ ID NO:5, wherein 
said polypeptide is expressed in said plant In another embodiment, the invention 
provides a cell transformed with a nucleic acid encoding said polypeptide wherein said 
polypeptide is expressed in said cell. 

[0019] In another embodiment the invention provides a method of making a plant 
resistant to bacterial blight which comprises transfecting the plant with a nucleic acid 
comprising one or more regulatory regions of SEQ ID NO: 1. In one embodiment, the 
invention provides a method of making a plant resistant to bacterial blight which 
comprises transfecting the plant with a nucleic acid comprising one or more of SEQ ID 
NO:49, SEQ ID NO:50, SEQ TD NO:5l and SEQ ID NO: 52. In another embodiment, 
the invention provides a method of making a plant resistant to bacterial blight which 
comprises transfecting the plant with a nucleic acid selected from the group consisting of 
SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO;51 and SEQ ID NO:52 operably linked to a 
heterologous gene. 
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Brief Description of the Figures 
[0020] Figure 1 shows the reactions ofX&31 to Xanthomonas oiyzae pv. oryzae strain 
PX099 in different genetic background 

[0021] figure 2 shows the resistance of Xa31 to Xanthomonas oryzae pv. oryzae strain 
PX099 and T7 1 74 at different developmental stages. 

[0022] Figure 3 shows the mapping of Xa31 -linked markers, AMI -TAIL and AM2- 
TAIL. 

[0023] Figure 4 A and 4B show genetic and physical maps of the Xa31 locus. 

[0024] Figure 5 A and 5B show binary vector pC1300 and overlaps of construct inserts in 

Xa3J complementation study. 

[0025] Figure 6 A and 6B show a Contig of theXa31 genomic clone. 

[0025] Figure 7 shows the Phenotype of Xa31 transformants at TO generation. 

[0027] Figure 8 shows the phenotype of Xa31 transformants at Tl generation. 

[0023J Figure 9 shows the comparison of the promoters at TATA box regions of resistant 

(IBB31) and susceptible (IR24) alleles of th&Xa31 gene. 

Detailed Description of the Preferred Embodiments of the Invention 
[0029] In one embodiment, the invention provides isolated nucleic acids which encode a 
polypeptide of SEQ TD NO:5. In another embodiment, the invention provides an isolated 
nucleic acid selected from the group consisting of SEQ ID NO:l, SEQ ID NO;2, SEQ ID 
NO:3, SEQ ID NO:4, SEQ ID NO:49 5 SEQ ID NO:50, SEQ ID NO;51 and SEQ ID 
NO:52. In another embodiment, the invention provides a transgenic plant or plant cell 
transformed with one or more nucleic acids of the invention, wherein the presence of the 
nucleic acid in the cell provides resistance to bacterial blight disease to the plant or cell. 
The present disclosure demonstrates that transfection of a plant (or transfecting a plant 
cell and growing a plant therefrom) with a nucleic acid as In SEQ ID NO: 1 results in a 
plant that is resistant to bacterial blight- These results also demonstrate that some 
combination of one or more nucleic acids selected from the group consisting of SEQ ID 
NO:2, SEQ ID NO:3, SEQ ID NO*, SEQ TD NO;49, SEQ ID NO;50 7 SEQ ID NO:51 
and SEQ ID NO:52, and nucleic acids encoding SEQ ID NO:5 are responsible for 
conferring a plant with resistance to bacterial blight In another embodiment, the 
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invention provides an isolated nucleic acid that regulates expression of the phenotype of 
bacterial blight resistance, wherein the nucleic acid comprises one or more of SEQ ID 
NO:49, SEQ ID NO:50, SEQ ID NO:51 and SEQ ID NO:52 and wherein the nucleic acid 
may optionally be operably linked to a nucleic acid encoding a heterologous polypeptide. 
In another embodiment, the invention provides an expression vector wherein said vector 
comprises a nucleic acid encoding a polypeptide as described herein. Heterologous 
proteins or peptides can include proteins of R genes or proteins of defense genes from rice 
or other plants as known to those of ordinary skill in the art Non-limiting examples can 
include rice bacterial blight R proteins Xal, Xa2 or defense proteins such as, e.g., PR1 
from rice. 

{0030] Once a nucleic acid has been cloned into an expression vector, it may be 
introduced into a plant cell using conventional transformation procedures. The term 
''plant cell" is intended to encompass any cell derived from a plant including 
undifferentiated tissues such as callus and suspension cultures, as well as plant seeds, 
pollen or plant embryos. Plant tissues suitable transfonnation include leaf tissues, root 
tissues, meristems, protoplasts, hypocotyls, cotyledons, scutellum, shoot apex, root, 
immature embryo, pollen, and anther. Some non-limiting examples of methods that can 
be employed in transforming plants and plant cells are provided below. 
[00311 A polynucleotide or nucleic acid is said to "encode" a polypeptide i^ in its native 
state or when manipulated by methods well known to those skilled in the art, it can be 
transcribed and/or translated to produce the mRNA for and/or the polypeptide or a 
fragment thereof. 

{00321 An "isolated" or "substantially pure" nucleic acid (e.g. , an SNA, DNA or a mixed 
polymer) or polypeptide is one which is substantially separated from other cellular 
components which naturally accompany a native human sequence or protein, e,g., 
ribosomes, polymerases, many other human genome sequences and proteins. The term 
embraces a nucleic acid sequence or protein that has been removed from its naturally 
occurring environment, and includes recombinant or cloned DNA isolates and chemically 
synthesized analogs or analogs biologically synthesized by heterologous systems. The 
present invention contemplates nucleic acids which comprise isolated XaSl nucleic acids. 
10033] The polynucleotide compositions of this invention include RNA, cDNA, genomic 
DNA, synthetic forms, and may be chemically or biochemically modified or may contain 
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non-natural or derivatized nucleotide bases* as will be readily appreciated by those skilled 
in the art. Such modifications include, for example, labels, methylation, substitution of 
one or more of the naturally occurring nucleotides with an analog, internucleotide 
modifications such as uncharged linkages (e.g., methyl phosphonates, phosphotriesters, 
phosphoramidates, carbamates, etc.), charged linkages (e>g. t phosphorothioates, 
phosphorodithioates, etc.), pendent moieties (e.g., polypeptides), intercalates 
acridine, psoralen, eta), chelators, alkylators, and modified linkages alpha anomeric 
nucleic acids, etc.). Also included arc synthetic molecules tbat mimic polynucleotides in 
their ability to bind to a designated sequence via hydrogen bonding and other chemical 
interactions. Such molecules are known in the art and include, tor example, those in 
which peptide linkages substitute for phosphate linkages in the backbone of the molecule. 
The polynucleotides of the invention may be isolated or substantially pure. 
10034] The present invention provides recombinant nucleic acids comprising ihvXa31 
gene. The recombinant construct may be capable of replicating autonomously in a host 
cell. Alternatively, the recombinant construct may become integrated into the 
chromosomal DN A of the host cell. Such a recombinant polynucleotide comprises a 
polynucleotide of genomic, cDNA, semi-synthetic, or synthetic origin which, by virtue of 
its origin or manipulation, 1) is not associated with all or a portion of a polynucleotide 
with which it is associated in nature; 2) is linked to a polynucleotide other than that to 
which it is linked in nature; or 3) does not occur in nature. 
[0035] Therefore, recombinant nucleic acids comprising sequences otherwise not 
naturally occurring are provided by this invention. Although the described sequences 
may be employed, it will often be altered, e.g t> by deletion, substitution or insertion. 
[0036] "Protein modifications or fragments" are provided by the present invention for 
wildtype and mutant Xa3l polypeptides or fragments thereof which are substantially 
homologous to primary structural sequence but which include, e.g. 9 in vivo or in vitro 
chemical and biochemical modifications or which incorporate unusual amino acids. Suoh 
modifications include, for example, acetylation, carboxylation, phosphorylation, 
glycosylation, ubiquitination, labeling, e.g. 9 with radionuclides, and various enzymatic 
modifications, as will be readily appreciated by persons of ordinary skill in the art. A 
variety of methods for labeling polypeptides and of substituents or labels useful for such 
purposes are well known by persons of ordinary skill it) the art, and include radioactive 
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isotopes such as 32 P, Ugands which bind to labeled antiligands antibodies), 
fluorophores, chemilummescent agents, enzymes, and antiligands which can serve as 
specific binding pair members for a labeled ligand. The choice of label depends on the 
sensitivity required, ease of conjugation with the primer, stability requirements, and 
available instrumentation. 

[0037] Besides substantially full-length proteins, the present invention provides for 
biologically active fragments of die polypeptides. Significant biological activities include 
ligand-binding, immunological activity and other biological activities characteristic of 
proteins. The term polypeptide" as used herein refers to both a full length protein and a 
portion of the protein as a polypeptide fragment 

[0038] A polypeptide "fragment, 1 * "portion" or "segment" is a stretch of amino acid 
residues of at least about five to seven contiguous amino acids, often at least about seven 
to nine contiguous amino acids, typically at least about nine to 1 3 contiguous amino acids 
and, most preferably, at least about 20 to 30 or more contiguous amino acids. 
[0039] The present invention also provides for fusion polypeptides, comprising Xa31 
polypeptides and fragments thereof and polypeptides or fragments of other proteins as 
known in the art Homologous polypeptides may be fusions between two or more 
polypeptide sequences or between the sequences of Xa3 1 and a related protein. Likewise, 
heterologous fusions may be constructed which would exhibit a combination of properties 
or activities of the derivative proteins. For example, ligand-binding or other domains 
may be "swapped" between different new fusion polypeptides or fragments. Such 
homologous or heterologous fusion polypeptides may display, for example, altered 
strength or specificity of binding and may include for example partners such as 
immunoglobulins, bacterial P-galactosidase, trpE, protein A, P -lactamase, alpha amylase, 
alcohol dehydrogenase and yeast alpha mating factor. 

[0040] Fusion proteins will typically be made by either recombinant nucleic acid 
methods, as described below, or may be chemically synthesized. Techniques for the 
synthesis of polypeptides are well known by persons of ordinary skill in the art. 
[00411 Other protein modifications include amino acid substitution. Substitutional 
variants typically contain the exchange of one amino acid for another at one or more sites 
within the protein, and may be designed to modulate one or more properties of the 
polypeptide, such as stability against proteolytic cleavage, without the loss of other 
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functions or properties. Amino acid substitutions may be made on the basis of similarity 
in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the amphipathic 
nature of the residues involved. Preferred substitutions are ones which are conservative, 
that is, one amino acid is replaced with one of similar shape and charge. Conservative 
substitutions are well known to persons of ordinary skill in the art and typically include, 
though not exclusively, substitutions within the following groups: glycine, alanine; 
valine, isoleucinc, leucine; aspartic acid, glutamic acid; asparagine, glutamine; serine, 
threonine; lysine, arginine; and tyrosine, phenylalanine. 

[0042J Certain amino acids may be substituted for other amino acids in a protein structure 
without appreciable loss of interactive binding capacity with structures such as, for 
example, antigen-binding regions of antibodies or binding sites on substrate molecules or 
binding sites on proteins interacting with a polypeptide. Since it is the interactive 
capacity and nature of a protein which defines that protein's biological functional activity, 
certain amino acid substitutions can be made in a protein sequence, and its underlying 
DNA coding sequence, and nevertheless obtain a protein with like properties. In making 
such changes, the hydropathic index of amino acids may be considered. The importance 
of the hydrophobic amino acid index in conferring interactive biological function on a 
protein is generally understood in the art Alternatively, the substitution of like amino 
acids can be made effectively on the basis of hydrophilicity. The importance of 
hydrophilicity in conferring interactive biological function of a protein is generally 
understood in the art (See ^g, US Patent 4,554, 101). The use of the hydrophobic index 
or hydrophilicity in designing polypeptides is further discussed in U.S. Patent 5,691,198. 
[0043] "Recombinant nucleic acid" is a nucleic acid which is not naturally occurring, or 
which is made by the artificial combination of two otherwise separated segments of 
sequence. This artificial combination is often accomplished by either chemical synthesis 
means, or by the artificial manipulation of isolated segments of nucleic acids, e.g., by 
genetic engineering techniques. Tbis phrase is also meant ro encompass a gene which is 
removed from its nonnal regulatory expression constraints, as in the case where a gene 
product is overexpressed due to the presence of multiple copies of the gene or up 
regulated promoter or enhancer signals, increased mRNA or protein half life and the like. 
[0044] "Regulatory sequences" refers to those sequences which affect the expression of 
the gene (including transcription of the gene, and translation, splicing, stability or the like 
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of the messenger RNA). 

[0045] Large amounts of the polynucleotides of the present invention may be produced 
by a suitable host cell transformed with a nucleotide sequence encoding mutant or 
wiJdtype Xa31 protein. Natural or synthetic polynucleotide fragments coding for the 
peptide or a desired fragment can be incorporated into recombinant polynucleotide 
constructs (vectors), usually DNA constructs, capable of introduction into and replication 
in a prokaiyotic or eukaryotic cell. Usually the vectors will be suitable for replication in a 
unicellular host, such as yeast or bacteria, but may also be intended for introduction to 
(with and without integration within the genome) cultured mammalian or plant or other 
eukaryotic cell lines. The most commonly used prokaryotic hosts are strains of 
Escherichia coli, although other prokaryotes, such as Bacillus subtilis or Pseudomonas 
may also be used. Mammalian or other eukaryotic host colls, such as those of yeast, 
filamentous fungi, plant, insect, or amphibian or avian species, may also be useful for 
production of the proteins of the present invention. As is well known in the relevant art, 
regulating polynucleotide expression can result in regulation of polypeptides encoded by 
the polynucleotide. 

[0046] Antibodies that specifically bind the polypeptides of the present invention are also 
contemplated. Using techniques well known to a person of ordinary skill in the art, the 
polypeptides can be used as antigen for inducing an antibody response in an animal and 
the antibodies generated can be screened for antibodies with specificity for a polypeptide 
of the present invention. The present invention also provides polyclonal and/or 
monoclonal antibodies and fragments thereof, and immunologic binding equivalents 
thereof, which are capable of specifically binding to the Xa3 1 polypeptides and fragments 
thereof or to polynucleotide sequences from th&Xa3] region. The term "antibody" is used 
both to refer to a homogeneous molecular entity, or a mixture such as a serum product 
made up of a plurality of different molecular entities. Polypeptides may be prepared 
synthetically in a peptide synthesizer and coupled to a carrier molecule (e.g*, keyhole 
limpet hemocyanin) and injected over several months into rabbits. Rabbit sera is tested 
for immunoreactivity to the Xa31 polypeptide or fragment Monoclonal antibodies may 
be made by injecting mice with the protein polypeptides, fusion proteins or fragments 
thereof. Monoclonal antibodies will be screened by ELISA and tested for specific 
immunoreactivity with Xa31 polypeptide. Antibodies can also comprise single chain or 
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multhner recombinant antibodies or fragments thereof. 
[0047] Vectors will include an appropriate promoter and other necessary vector 
sequences that are functional in the selected host. There may include, when appropriate, 
those naturally associated with the Xa31 nucleic acid and protein expression and may 
include alternative or additional regulatory sequences operably linked to the recombinant 
Xa31 gene in order to control Xa31 gene expression, as well known in the art. Many 
useful vectors are known in the art and may be obtained from such vendors as Stratagene> 
New England BioLabs, Promega Biotech, and others. Promoters such as the ttp, lac and 
phage promoters, tRNA promoters and glycolytic enzyme promoters may be used in 
prokaryotic hosts. Useful yeast promoters include promoter regions for mctallothionein, 
3-phosphoglycerate kinase or other glycolytic enzymes such as enolase or 
glyceraldehyde-3-phosphate dehydrogenase, enzymes responsible for maltose and 
galactose utilization, and others. "OperabJy linked" refers to a juxtaposition wherein the 
components so described are in a relationship permitting them to function in their 
intended manner. For instance, a promoter is Operably linked to a coding sequence if the 
promoter affects its transcription or expression. 

[0048] Expression and cloning vectors preferably contain a selectable marker gene. 
Typical marker genes encode proteins thai a) confer resistance to antibiotics or other toxic 
substances, eg. ampicillin, neomycin, methotrexate, etc.; b) complement auxotrophic 
deficiencies, or c) supply critical nutrients not available from complex media, eg., the 
gene encoding D-alanine racemase for Bacilli. The choice of an appropriate proper 
selectable marker will depend on the host cell, and appropriate markers for different hosts 
are well known to persons of ordinary skill in the art. 

[0049] The vectors containing the nucleic acids of interest can be transcribed in vitro, and 
the resulting RNA introduced into the host eel) by well-known methods, by injection, 
or the vectors can be introduced directly into hosr cells by methods well known to persons 
of ordinary skill in the art, which vary depending on the type of cellular host, including 
electroporation; transfection employing calcium chloride, rubidium chloride, calcium 
phosphate, DEAJB-dextran, or other substances; microprojectile bombardment; 
lipofection; infection (where the vector is an infectious agent such as a retroviral 
genome); and other methods. The introduction of the polynucleotides into the host cell 
by any method known in the art, including, inter alia, those described above, will be 
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referred to herein as "transformation. 11 The cells into which have been introduced nucleic 
acids described above are meant to also include the progeny of such cells. 
[0050] Clones are selected by using markers, depending on the mode of the vector 
construction. The marker may be on the same or a different DNA molecule, preferably 
the same DNA molecule. In prokaiyotic hosts, the transfbrmant may be selected, e.g. 9 by 
resistance to ampicillin, tetracycline or other antibiotics. Production of a particular 
product based on temperature sensitivity may also serve as an appropriate marker. 
10051] Prokaryotic or eukaryotic cells transformed with the polynucleotides of the 
present invention are usefiil not only for the production of the nucleic acids and 
polypeptides of the present invention, but also, for example, in studying the 
characteristics of Xa3 1 polypeptides. Plant cells transformed with the polynucleotoides 
of the present invention are usefiil also for growing plants expressing the polynucleotides 
and polypeptides of the present invention. The nucleotides of the present invention can 
also be transformed into plants that have already undergone some growth. 
[0052] Plant expression vectors may include (1) a cloned plant gene under the 
transcriptional control of 5' and 3 1 regulatory sequences and (2) a dominant selectable 
marker. Such plant expression vectors may also contain, if desired, a promoter regulatory 
region (e.g., one conferring inducible or constitutive, environmentally- or 
developmentally-regulated, or cell- or tissue-specific/selective expression), a transcription 
initiation start site, a ribosome binding site, an RNA processing signal, a transcription 
termination site, and/or a polyadcnylation signal. A plant promoter fragment can be 
employed which will direct expression of Xa31 in all tissues of a generated plant Such 
promoters axe referred to herein as "constitutive" promoters and are active undermost 
environmental conditions and states of development or cell differentiation. Examples of 
constitutive promoters include the cauliflower mosaic virus (CaMV) 35S transcription 
initiation region, the 1- or 2'- promoter derived from T-DNA of Agrobacterium 
tumefaciens* the ubiquitin 1 promoter, the Smas promoter, the cinnamyl alcohol 
dehydrogenase promoter (U.S. Patent No. 5,683,439), the No* promoter, the pEmu 
promoter, the rubisco promoter, and the GRP1-S promoter. 

[0053] Alternatively, the plant promoter can direct expression of a polynucleotide of the 
present invention in a specific tissue or may be otherwise under more precise 
environmental or developmental control. Such promoters are referred to here as 
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"inducible" promoters. Environmental conditions that may effect transcription by 
inducible promoters include pathogen attack, anaerobic conditions, or the presence of 
light. Examples of inducible promoters are die Adhl promoter, which is inducible by 
hypoxia or cold stress, the Hsp70 promoter, which is inducible by heat stress, and the 
PPDK promoter, which is inducible by light. 

10054] Examples of promoters under developmental control include promoters that 
initiate transcription only, or preferentially, in certain tissues, such as leaves, roots, fruit, 
seeds, or flowers. Exemplary promoters include the anther specific promoter 5126 (U.S. 
Patent Nos. 5,689,049 and 5,689,051), glob-1 promoter, and gamma-zein promoter. The 
operation of a promoter may also vary depending on its location in the genome. Thus, an 
inducible promoter may become fully or partially constitutive in certain locations. 
10055) Both heterologous and non-heterologous (i.e., endogenous) promoters can be 
employed to direct expression of HhoXa3J gene. These promoters can also be used, for 
example, in recombinant expression cassettes to drive expression of antisense nucleic 
acids to reduce, increase, or alter concentration and/or composition of the Xa31 protein in 
a desired tissue. Thus, in some embodiments, the nucleic acid construct will comprise a 
promoter functional in a plant cell, such as in Zea mays or tobacco, operably linked to 
Xail, Promoters useful in these embodiments include the endogenous promoters driving 
expression of Xa 3 1 . 

[0056J Similar to the electroporation method is a method in which the desired gene and 
protoplasts are mixed and the mixture is treated with polyethylene glycol ("PEG"), 
thereby introducing the gene into the protoplasts. This method is different fiom the 
electroporation method in that PEG is used instead of an electric pulse (Zhang W. et al.» 
1988,Dattaetal., 1990 and Christou et al., 1991). 

100571 Other methods include 1) culturing seeds or embryos with nucleic acids (Topfer 
R. et al., 1989, Ledoux et al, 1974) 2) treatment of poJJen tube, (Luo et al., 1988) 3) 
liposome method (Caboche, 1990) and 4) the microinjection method (Neuhaus G. et aL 9 
1987), 

[00581 Known methods for regenerating plants firom transformed plant cells may be used 
in preparing transgenic plants of the present invention. Generally, explants, callus tissues 
or suspension cultures can be exposed to the appropriate chemical environment (ej^, 
cytokinin and auxin) so the newly grown cells can differentiate and give rise to embryos 
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which then regenerate into roots and shoots. 

f0059J The invention is further illustrated by the following examples, which are not 
intended to be limiting. 

Examples 
Example 1 

Disease resistance gene Xa31 conferring adult resistance to multiple Xoo strains 
[0G60J Since the BC2 progeny containing the Xa3J gene was the interspecific hybrids of 
0- saliva cv IR3 1917-45-3-2 and O. minute Acc. 101 141 (Amante-Bordeos et al. 1992), 
repeated backcrossing was used to remove the undesirable traits fvom wild rice. A highly 
resistant plant with less undesirable agronomic traits was selected from the cross between 
78-1-5BC2F3 #169 and IR24 as pollen donor to cross with susceptible cultivar C039 at 
University of California at Davis (unpublished result). Probably due to other genetic 
factors present in C039 or other two cultivars (IR3 1917-45-3-2 and IR24) used in the 
previous backcrosses that interfere with-#zJ7, there was a great variation in disease 
resistance in the progeny from the cross. To simplify the genetic background of iheXa3J 
germplasm, we selected a resistant F3 plant from the progeny as male to backcross with 
concurrent susceptible cultivars 1R24 and C039, respectively. Briefly, ten generations of 
backcrosses were carried out to transfer Xa31 into IR24 genetic background and one of 
the BC10F3 plants was designated as IRBB31 for Xa3i near-isogenic line. In the 
meantime, seven generations of backcrosses were made to transfer Xa31 into C039 
genetic background. For genetic mapping of Xa3J locus, 863 resistant plants (Xa31xa3J) 
of backcross lines, 1245 susceptible plants (xa3Jxa31) and 261 resistant plants 
(Xo31Xa3I oxXa31xa31) from segregating populations were used for genetic linkage 
analysis. A total of 3875 gametes were analyzed in this mapping population. 
[0061] To monitor the presence of the Xa31 gene in the backcross plants and to confirm 
the inheritance of Xa3J as single dominant locus, we evaluated disease reaction for plants 
across various generations with Xoo strain PX099. In one experiment with BC2F1 plants 
of IR24 genetic background, 208 resistant plants and 253 susceptible plants were 
detected, respectively (1:1 segregation with x"=0.019, p>0.80, n~l). In another 
experiment with BC10F2 plants of IR24 genetic background, 232 resistant plants were 
observed and 47 susceptible plants were scored (3 : 1 segregation with x"=0. 1 1 8, 
0.5<PO.S0, n-l). In the later experiment, we detected the genotype of all plants with 

14 



WO 2005/017158 



PCT/SG2003/000191 



two closely linked flanking markers. There was no difference in lesion length between 
homozygote (XaSlXaU) and heterozygoto (Xa31xa31) of the resistant plants and the 
mean lesion length of the resistant plants (Xa31Xa31 or Xa3Jxa31) was only 03±0.2 cm, 
while that of the susceptible plants (xa31xa3I) was 23.8±5.8 cm (Figure 1). The results 
of these two experiments strongly suggest that resistance is controlled by a single 
dominant locus, which is consistent with the previous study (Amante-Bordeos et al. 
1992). In order to check whether Xa3J shows similar genetic performance in C039 
genetic background, thirty-eight BC7F2 plants from a BC7 backross with C039 were 
inoculated with PX099. Three Xa31 homozygous plants (Xa31Xa31) were resistant 
(lesion length « 1-6+1.4 cm) while 12 recessive homozygotes (xa31xa31) were 
susceptible to PX099 (lesion length = 22.6+5.8 cm) (figure 1). However, 23 
heterozygoses (Xa3Jxa31) showed great deviation in disease phenotype from moderately 
resistant (3.0 cm<lesion lcngth<6.0 cm) and moderately susceptible (6.0 cm<lesion 
length^9.0 cm) to fully susceptible (lesion length>9-0 cm). The mean lesion length of 
these plants was 13.5±7.0 cm (Figure 1). Even though the mean lesion length of the 
heterozygotes showed they were susceptible to PX099, we still can make a general 
conclusion by comparing the mean lesion length of the plants with different genotypes, 
that Xa31 confers semi-dominant resistance or shows dosage effect for resistance in 
C039 genetic background. The inheritance of Xa3l as a semi-dominant R gene was also 
observed in the genetic background of five parent lines of Chinese hybrid rice when Xa31 
was used for marker-assisted breeding program. These results suggest that the expression 
of Xa31 could be affected by other genetic factors in some genetic backgrounds when 
plants are heterozygous at the resistance locus. Figure 1 shows the reactions of Xa31 to 
Xanthomonas oryzae pv. oryzae strain PX099 in different genetic backgrounds. The 
genotype of each plant was detected by Xa3l flanking markers M3623 and 3612EST2. 
Standard deviation (SD) was not shown. 

[0062] Detection of the resistant spectrum of Xa31 in IR24 genetic background was 

carried out firstly with homozygous BC2F3 plants (data not shown) and then confirmed 

with IRBB3 1 plants by inoculating with 35 Xoo strains collected from 1 1 countries 

around the world. 1RBB21, the near-isogenic line of Xa21 7 was used as a resistant control 

for disease evaluation in this study (Wang et al. 1996). Table 1 summarizes the lesion 

length and the phenotype of disease reaction. Briefly, among 35 Xoo strains tested, Xa31 
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conferred high level of resistance to 27 strains and moderate resistance to 3 strains 
(HB17, JWS901 1 and PX071), and showed susceptibility to 5 strains (1947, C4, 
ZHE173, K202 and 2). Xa31 mdXa2 J share most of the incompatible strains tested. 
Xa31 conferred resistance to A3842 and moderate resistance to JW89011 while Xa21 
shows moderately susceptible or susceptible phenotype to the two strains- Neither Xa3 1 
nor Xa2] could confer resistance to the Aftica strain 1947. In most of the incompatible 
reactions between Xa3J or Xa21 2nd Xoo pathogens, Xa31 plants had shorter lesions than 
that of Xa22 plants. The lesions observed in incompatible reactions (R and MR in Table 
1) otXa21 measured in this study were longer than that of previous study (Wang et al. 
1996), which may partially be attributed to the higher temperature used for inoculation in 
this study (see materials and methods). Strains A3 842 and Thailand 2 were detected to be 
incompatible to Xa21 in the previous study (Wang et al. 1 996) but were compatible in this 
study. In most of the incompatible reactions between Xa31 andXoo strains, brown lesion 
was observed 3-4 days after inoculation at the cut area. Brown lesion was much more 
obvious at the infection sites of those leaves that showed highly resistant phenotype with 
mean lesion length teas than 0.5 cm two weeks after inoculation. Browning reaction 
against pathogens was also observed in the interaction of Xa3 and its incompatible Xoo 
strains (Kaku and Ogawa, 2000). No browning reaction was observed at early stage of 
infection in the interactions between Xall and its incompatible Xoo strains. The 
difference in browning reaction between Xa31 andXa2l against the bacterium suggests 
that the resistance mechanism of these two genes may be different at molecular level 
and/or Amotion through different signal transduction pathways. 
[0063] The reaction of Xa 31 to bacterial blight at different developmental stages was 
evaluated with two different Xoo strains, PX099 and T7174. PX099 is a representative 
strain of Philippines race 6 while T71 74 is a representative strain of Japanese race 1 
(Songetal. 1995; Yoshimura et al. 1998). Both IR24 and IRBB31 were inoculated with 
bacterial blight pathogens every week starting from two-week-old plants until seven- 
week-old plants. Only one to two youngest flilly expanded leaves of main culm (from 
seedling stage ro active tillering stage) or each tiller (after active tillering stage) were 
selected for inoculation. IR24 was highly susceptible to the two Xoo strains from seedling 
stage (before 4-5 weeks) to adult plants (Figure 2). However, the development of bacterial 
blight disease was found to be reduced if the pathogens were inoculated on IR24 plants 
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after the booting stage (after 8 weeks, the life cycle of IR24 in Singapore is about 95 
days) ((Jala not shown). IKBB31 was also susceptible to the two Xoo strains till 4-week- 
old even though it had shorter lesions compared to that of IR24. The resistance of 
IRBB3 1 to bacterial blight pathogens was drastically increased after 4-week-old and 
reached almost complete resistance at 5-week-old. Therefore, the resistance conferred by 
Xa3 J could be developmental^ regulated and to appears to be activated or induced at the 
late stage of vegetative growth. Developmental regulation of resistance to bacterial blight 
was also observed in other studies (Goel and Gupta 1990; Ogawa 1993; Century et aL 
1999). Molecular investigation has also demonstrated that expression o£Xa21 gene 
transcript was not correlated with expression of Xa21 disease resistance (Century et aL 
1999). Figure 2 shows the resistance of XaSl to Xanthomonas oryzae pv. oryzae strain 
PX099 and T71 74 at different developmental stages. Lesion length is shown in mean. 
Standard deviation (SD) is not included. Reactions are indicated. 
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Table 1. Comparison of the resistance spectrum of Xa31znd Xa21 to different Xoo strains 
in IR24 genetic background 0 

Strain Ori£in IRBB3] 1RBB21 IR24 



L947 


Africa 


2L5 b +2.2 c (S d ) 


18-l±4.4 (S) 


21.2+3-3 (S) 


Aust-2031 


Australia. 


03*0.2 (R) 


2.4+0-9 (R) 


14-4*3.6 (S) 


Aust-R3 


Australia 


0.2*0.1 (R) 


2.5*0.4 (R) 


18.1+5.4 (S) 


CI 


China 


0.2*0.1 (R) 


2.9+1.0 (R) 


29.9*3.1 (S) 


C2 


China 


1.0*0.7 (R) 


2.610.8 (R) 


213*2.4 (S) 


C3 


China 


0.2±0.1(R) 


5.3±2.4(MR) 


25.4+3.3 (S) 


C4 • 


China 


16.6+3.7 (S) 


13*03 (R) 


J 8.2*2,5 (S) 


C5 


China 


03±O.I(R) 


l.2±0,5 (R) 


16.6*3.5 (S) 


C6 


China 


03+0.1 (R) 


1 3*03 (R) 


22.9*3.0 (S) 


C7 


China 


0.2*0.1 (R) 


1.9*0.4 (R) 


21.9*4-4 (S) 


GD1358 


China 


0.2*0.0 (R) 


2.7*0.8 (R) 


13.7*33 (S) 


HB17 


China 


4.5*3.9 (MR) 


2.2*0.6 (R) 


20.7+33 (S) 


HB2) 


China 


03*0.2 (R) 


2.2±0.4(R) 


33.4*2.1 (S) 


HLJ72 


China 


13+1.0 (R) 


1.9*05 (R) 


21.8+3.8 (S) 


JS49-6 


China 


0.4*0.1 (R) 


1.8+0.4 (R) 


21.7±4.l (S) 


LN57 


China 


0.1+0,0 (R) 


0.2+0.1 (R) 


25.2*4 J (S) 


NX42 


China 


0.4±0.1 (R) 


2.0±0.8 (R) 


20.4*3.4 (S) 


ZHE173 


China 


17.2±3.4(S) 


1,6*0.6 (R) 


21.7*3.7 (S) 


CJATI185 


Columbia 


0.2*0.2 (R) 


2.Ut1.0{R) 


13.8+33 (S) 


A3 542 


India 


0.2*0.1 (R) 


7.0+2.7 (MS) 


20.9*2.8 (S) 


A3857 


India 


0.2*0.1 (R) 


3.0±1.0(R) 


24.2*2-7 (S) 


1X056 


Indonesia 


0-2*0.1 (R) 


4.4±i.9 (MR) 


2S.8+5-0 (S) 


H75373 


Japan 


2.4*1.2 (R) 


2. 1*0.4 (R) 


23.3*3.4 (S) 


T7174 


Japan 


0.5+0.5 (R) 


2.0+0.7 (R) 


27.6*3-2 (S) 


JW890H 


Korea 


5.7±3 5 (MR) 


21.5*2.4 (S) 


28.6*4.6 (S) 


K202 


Korea 


24.1±2.8(S) 


3.1+1.6 (MR) 


19.0±3.4(S) 


NXO260 


Nepal 


0.2*0.1 (R) 


5.6*1 .6 (MR) 


18.0*33 (S) 


PX086 (R2) 


Philippines 


0-1*0.0 (R) 


1.3+0.6 (R) 


20.0*3.5 (S) 


PX079 (R3) 


Philippines 


0.2+0.1 (R) 


1.7+0.5 (R) 


14.4+3.2 (S) 


PX071 (R4) 


Philippines 


5.5*3-5 (MR) 


2.6±0.S (R) 


20.8*4.1 (S) 


PX0113(R4) 


Philippines - 


1.5*03 (R) 


2.6*1.1 (R) 


14.8*2.2 (S) 


PXOH2(R5) 


Philippines 


0.1+0.0 (R) 


3.4+0.6 (MR) 


14.9+3.5 ($) 


PX099 (R6) 


Philippines 


0.2*0.1 (R) 


1.3*0.3 (R) 


26.1*3.8 (S) 


R-7 


Thailand 


1.6+0-7 (R) 


2.3+0.6 (R) 


1Z9*2.7($) 


2 


Thailand 


9.6+3.7 (S) 


12-8*3.1 (S) 


25.7*5.7 (S) 



a S»x-weelcS'Old plants were inoculated with X. oryzae pv. oryzav* For each strain, at least sixteen leaves 
from four individual plants were inoculated. The lesion length is the average of 16 infected leaves. The 
standard deviation of the mean is indicated. 
h Lcston length (cm). 
'Standard deviation. 

d R, resistant, 0 cm^lcsion lcngth<3.0 cm; MR, moderately resistant, 3.0 cm<Icsion lengtbS6.0 cm; MS, 
moderately susceptible, 6.0 cm<lcsion lcngdi<9.0 cm; S, susceptible, lesion lcngth>9.0 cm. 
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Example 2 

Identification of molecular markers linked to Xa31 locus and genetic mapping 
[0064] Both RAPD (Williams etal. 1990) and AFLP (Vos et al. 1995) techniques were 
used to screen for Xa31 Amked markers. To detect more polymorphism in both BSA and 
individual screen of RAPD products, we added [ 33 P~a]dCTP to the PCR mix for labeling 
RAPD products and separated the RAPD products in a 4.5% polyacrylamide sequencing 
gel. About 20-50 bands ranging in size from lOObp to 1500bp could be detected for each 
primer. In total, 1200 random primers (Operon Technologies) were screened, and 144 
primers were found to detect polymoiphism between resistant and susceptible pool 
However, after confirmation of RAPD products with individual DNA samples, only 
random primer BE05 was found to reproducibly detect a polymorphic band between 
resistant and susceptible individuals (data not shown). The polymorphic band, designated 
as RM2, is a resistant allele-associated polymorphic DNA. For some unknown reasons, 
RM2 was not detectable in the BE05-RAPD products of all parents involved in the 
introgression (O. mtnuta Ace, 101 141, 1R3 19 17-45-3-2, IR24 and C039). RM2 was 
successfully cloned from the dried polyaciylamide gel into pGBM-T vector (Promega, 
Wise.) and the DNA sequence was revealed to be 336-bp in length. RM2 was then 
developed into the corresponding RFLP probes for linkage analysis -wifhXa3J mapping 
population. Southern hybridization revealed that RM2 has at least four copies in 
cultivated rice genome and one of the copies, which was non-parental to any of the 
parents, was linked to HheXa3] locus (data not shown). To determine accurately the 
genetic distance between RM2 and Xa3I 9 837 plants consisting of 1 1 10 gametes from the 
Xa31 mapping population were screened with RM2 and 20 RM2 recombinants were 
identified. Thus it was confirmed that RM2 is L8 cM from the Xa3J locus (Figure 4B).To 
identify markers between RM2 and Xa31 or markers on the other side of RM2 
corresponding to HisXa3I locus, we performed AFLP analysis with individual DNA 
samples from 6 Xa3l segregating populations derived from initial 6 available RM2 
recombinants in IR24 genetic background. A parallel experiment was also carried out 
with individual DNA samples from ^xXa31 segregating population in C039 genetic 
background (see materials and methods). All 64 pairwise combinations oiEcoBl and 
Msel primers were used to screen for polymorphism between individuals. Two pairwise 
combinations of EcoRl and Msel primers, E-AT/M-CAA and E-AT/M-CTA, were found 
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to detect polymorphic bands between individuals. The two polymorphic bands were 
designated as AMI and AM2, respectively. AMI was detectable in all resistant 
individuals but not in susceptible individuals in both the experiments (data not shown). 
AM2 was detected in resistant individuals from C039 segregating population as well as 
in the six resistant individuals derived from two RM2 recombinants (data not shown), 
which suggests that AM2 has complemented 2 of the 6 RM2 recombinants and 
presumably located between RM2 and A'crf/.AM1. AMl()30-bp) or AM2 (212-bp) 
cloned from the two genetic backgrounds turned out to be identical. 
[00651 Since both AM] and AM2 were too short to be used as probes for RPLP analysis 
and AM2 contains some repetitive sequences, we then used TAIL-PCR to obtain the 
flanking sequence of the two putative AFLP markers. A 1059-bp DNA fragment was 
isolated with the nested primer A1F3 and the arbitrary degenerate primer AD3. The 1059- 
bp fragment has only single copy in rice genome and showed polymorphism between the 
resistant allele and susceptible allele when digested with restriction enzyme HaeH or 
Aval. The 1059-bp fragment was then designated as AMI-TAIL. Similarly* a 1238-bp 
DNA fragment was amplified with the nested primer A2F3 and AD3. However, only 
1081-bp of the 1238-bp DNA fragment shows single copy in the rice genome. The 1081- 
bp DNA fragment, designated as AM2-TAIL, was then amplified from the TAIL-PCR 
product with primers AM2-TAJL-F and AM2-TAIL-R (Table 2). AM2-TAIL showed 
polymorphism between resistant and susceptible alleles when digested with restriction 
enzyme Spel oxXbah 

[00661 Genetic distance of AMI-TAIL or AM2-TAIL to Xa31 was determined by genetic 
linkage analysis of the two makers to the Xa3I locus in the mapping population. Totally, 
twelve recombinants were identified by AMI-TAIL from all of the 2369 individuals 
consisting of 3875 gametes. The genetic distance between AMI-TAIL and XaSl was 031 
cM (Figure 4B). Seven recombinants were identified by AM2-TAIL from 354 individuals 
consisting of 642 useful gametes. In the meantime, ten recombinants were identified 
independenily from the 20 RM2 recombinants. Thus, seventeen recombinants were 
obtained at the AM2-TAIL locus and the genetic distance between AM2-TAIL and the 
Xa31 locus was assessed to be 0.97 cM [17 recombinants identified from 1752 
(1 1 10+642) gametesj (Figure 4B). Because both AMI-TAIL and AM2-TAIL could 
complement all of the each other's recomhinants (data not shown), the two markers 
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should flank the Xa3l locus (Figure 4B). Figure 4A and 4B show a high-resolution 
genetic map and BAC contig of RGP at the syntenic locus of Xa31 on the long arm of rice 
chromosome 6 (A) and of the Xa31 locus generated in this study (B). Genetic distances 
are given in cM corresponding to the genetic position on rice chromosome 6. The 
accession numbers of BAC sequence of RGP are marked on each BAC. The overlaps of 
RGP BAC inserts are cot drawn to scale, The number of recombinants and gametes in 
genetic mapping is indicated under each marker. The overlaps between BAC inserts and 
the size of each BAC insert in B are drawn to scale. The dotted vertical lines mark the 
relative positions of the corresponding markers. The 98kb region comprising the Xa3J 
locus is indicated. 

Example 3 

Integration of AMI -TAIL and AM2-TAIL into the rice linkage map 
[0067] AMI-TAIL and AM2-TAIL were used to map Xa31 on the rice linkage map. For 
this purpose, genomic DNA from the two parents (IR64 and Azucena) of the DH 
mapping population (Huang et al. 1994) was digested by 30 different restriction enzymes 
and blotted for parental survey of polymorphism using AMI-TAIL and AM2-TA1L as 
RFLP probes. Both the markers showed detectable polymorphism for at least one of the 
30 restriction enzymes tested. The two markers were roughly mapped on the long arm of 
rice chromosome 6 between marker RG424 and RG1 62 with AMI-TAIL as the distal 
marker and AM2-TAIL as the proximal marker (Figure 3). The genetic distance between 
AMI -TAIL and AM2-TAIL was 2.1 cM (Figure 3), which was comparable to 1 .28 cM 
(0.31 cM+0.97 cM) obtained from the Xa31 genetic mapping population (Figure 4B). The 
genetic distance between RG424 and AM2-TAIL was 34.4 cM and it was 12.0 cM 
between AMI-TAIL and RG1 62 (Figure 3). The genetic interval between RG424 (70.4 
cM on chromosome 6) and RG162 (104.6 cM on chromosome 6) was 34.2 cM on the 
Cornell map, which covers almost half of the long arm of chromosome 6 (McCouch et al. 
2001). Figure 3 shows the mapping of A^Ji-linked markers, AMI -TAIL and AM2-TAIL, 
to the rice genetic linkage map using MAPMAKER2.0 (Lander et al., 1 987). AMI-TAIL 
(arrowed) and AM2-TAIL (airowed) are mapped on rice chromosome 6. Other markers 
on the map are RFLP markers from S. McCouch (Cornell University). The numbers on 
the left indicate recombination fraction and genetic distance (cM)> respectively. The 
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maximum-likelihood map order for markers was determined with a LOD score threshold 
of 3.0, and all map distances (cM) are reported in Kosambi units. 

Example 4 

Landing of Xa3J-lmked markers on rice genome and fine genetic mapping 
[0068] Since the genomic sequence of chromosome 6 of O. sativa cv. Nipponbare was 
accessible from RGP website and both AMI-TAIL and AM2-TA1L are single copy in 
rice genomo, we then performed fine mapping of th$Xa3J locus by landing the two 
markers on rice genomic sequence. Firstly, we used the two markers to BLAST the 
Unfinished High Throughput Genomic Sequences (htgs) of rice 
(ht1p://www.ncbi.n)m.mTi.gov^last/index.html). AMI -TAIL could hit the sequence of 
AP003615 of RGP PAC clone P0486H12 from chromosome 6 (Identities ■ 999/1008 
(99%) for position 19-1026 on AMI -TAIL). AM2-TAIL picked up the sequences of 
AP004571 (RGP PAC clone P0652A05), AP004327 (Monsanto BAC clone 
OJ137S_E04X AP003941 (Monsanto BAC clone OJ1 1 1 1 J306) and AP00361 7 (RGP 
PAC clone P0502H06) (Identities - 412/416 (99%) for position 161-575 and 462/494 
(93%) for position 589-1031 on AM2-TAIL). Sequence analysis indicated that the latter 
four BAC or PAC clones are overlapping clones at the AM2-TAIL locus on chromosome 
6 (data not shown). Then we downloaded the genomic sequence as well as genetic 
markers flanked by AMI -TAIL and AM2-TACL from RGP website. A genetic map and a 
physical BAC/PAC contig of the Xu31 locus were generated as shown in Figure 4 A. The 
physical size between AMI -TAIL and AM2-TAIL was 480-kb on the RGP BAC/PAC 
contig. To confirm the genetic map, an RGP marker, R674 (kindly provided by T, Sasaki 
of RGP), was selected for linkage analysis. Two mapping populations, one containing 32 
resistant BC4F1 individuals and another 37 resistant BC2F2 individuals including three 
AM2-TA1L recombinants, were used for RFLP analysis. Hybridization results indicated 
that the resistance-associated allele of R674 always co-segregated with the resistance 
individuals except for the three recombinants shared with AM2-TAIL. Linkage analysis 
with RM2 and AM2-TAEL recombinants also showed that 19 recombinants were located 
at R674 locus, among which 17 recombinants were shared with AM2-TAIL and two more 
crossovers (recombinants) occurred within the 20-kb (RGP physical distance) region 
between R674 and AM2-TAIL. 
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10069] Recombinants identified by AMI -TAIL and AM2-TAIL and the available 
genomic sequence of RGP between them enabled us to perform fine genetic and physical 
mapping of fhe,Xa3J locus based on RGP genetic and physical maps. To meet these 
goals, we designed markers based on available EST (expressed sequence tag) information 
from Genbank as well as unique sequences of the region in the rice genome. The putative 
markers were amplified from Nipponbare and surveyed for polymorphism among the 
Xa31 parents. More than 30 putative markers were tried and four markers were finally 
selected for fine genetic mapping of Xa3) with primers shown in Table 2, Marker 
3612EST2 complemented 1 1 of the 12 AMI -TAIL recombinants and M3623 
complemented 1 6 of the 17 AM2-TAIL recombinants. We further confirmed that the two 
markers are closely linked to Xa31 by screening the mapping population with RFLP 
analysis. M3623 is the closest proximal marker while 3612EST2 is the closest distal 
marker as the XwoXa31 flanking markers could complement each other's recombinants. 
Two recombinants, 24-2-2-943 and 24-10-3-2-147, were identified to be the closest to the 
Xa31 locus by the proximal marker M3623 and the distal marker 3612EST2, respectively 
(data not shown). The two recombinants were finally complemented respectively by two 
EST markers 3623ESTI and 3623EST3 (Table 2), which Jocate within the interval 
between M3623 and 3612EST2 (Figure 4A). The most closely linked RGP markers to the 
Xa3l locus are the proximal marker C12560S and the distal maker S12715, which flank 
0.9 cM genetic interval (Figure 4A). 

[0070] In conclusion, Xa31 was mapped to a genetic interval of 0,052 cM (2 
recombinants identified from 3875 gametes) between M3623 and 3612EST2 with strong 
recombination suppression at the locus, and the physical size of the syntonic region on the 
genome of Nipponbare is 146-kb. 
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Size (bp) 


Enzyme u 


336 c 


Wtidm 


1059 d 


Aval or 






1081* 


Xbalax 




Spel 


964 c 


Pstl 


631 e 


Mfel 


1230 c 


JScqKI 


U97 c 


Bell 


1!84 r 


N.A 



Table 2. List of the molecular markers developed in this study 
Marker PCR primers (5-3') 

RM2 ' NA* " " " ' ' ' ' 

AMI -TAIL NA b 

AM2-TAIL F : TAGCTAAATAAAAGCAATfTTACC A (SEQ ID NO: G) 

R: GCCCTTACATATCGATGTTTA'n'G (SEQ ID NO: 7) 
M3623 F; ^GTGCAATGCAGGATlTCAGTTACT (SEQ TD NO: S) 

R; TTTCACCTGCATAATGCAAAAGCTAA (SEQ ID NO: 9) 
3623EST1 F: CTGCATCCATGCCGGTGGCCG (SEQ 10 NO; 10) 

R: AAACGTCACATGAAGACtCCAA'fTGT(SEQ ID NO: 1 1) 
3623EST3 F: AGGGATGTCGAGATGAGAGCTTC (SEQ ID NO: 12) 

R: GGTGTCCTTCTTTACGGGCCTCC (SEQ TD NO; 13) 
36I2EST2 f : GCTGTGAAGTGCCGGGTGTCC (SEQ ID NO: 14) 

K: TGGACAGGACGATGCCGGTGG (SBQ ID NO: 15) 
103MI F; CCCAGCAAGGCCATATCCCGACA (SEQ ID NO; 16) 

R: TCCCCGCCTTCGTCTCGCCGT (SEQ JD NO: 17) 

Restriction endonuclease (hat reveals polymorphism between resistance-associated allele and suscepriblc- 
associated allele. 

^A, not available. RAPD or TAIL-PCR products were cloned into pGEM-T vector and the inserts were 

amplified with M 1 3 primers and used as RFLP probes. 

C DNA fragment excludes the OPERON primer BE05. 

U DNA fragment excludes AD3 primer. 

°The PCR products were used as RFLP probes. 

'probe used for screening BAC library. 

Example 5 

Generation of an Xa31 physical contig, fine genetic and physical mapping 
[0071] In order to finally clone ihsXa31 gene, a 5x rice-genome-coverage BAC library 
was constructed with an average insert size of 50-kb. To generate a new marker for BAC 
library screening, a 1 1 84-bp DNA fragment with putative single copy in rice genome, 
named 193M1 (Figure 4A), was designed based on the RGP sequence of AP003623 and 
amplified from Nipponbare by PGR. Three BAC clones, 181P14 (-120-kb), 
33M09((~37k) and 99N23((~34-kb), were identified by 191M1 ftomXa31 BAC libnny. 
BAC ends of the inserts from those BAC clones were isolated by TAIL-PCR (Liu et al. 
1998). BAC fingerprinting showed both 33M09 and 99N23 were encompassed by 
181F14 and those two BACs were abandoned in ftrijier study. To walk on the rice 
chromosome, five BAC clones, 43L1B, 13O02, 88K09, 105N12 and 133J22 were 
identified by 181F14 F-end and only one clone, 43L18 was chosen for further study after 
BAC fingerprinting. In another screening experiment, EST marker 3623EST3 (Table 2 
and Figure 4A) picked up 43L1S and another BAC clone 109L05. Therefore, the conlig 
of the Xa3J BAC inserts was generated containing 181F14 ((~120-kb), 43L18 (1 16,495- 
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bp) and 109L05 ((~120-kb) (Figure 4B). In order to obtain more molecular markers as 
well as gain insight into the Xa31 locus at DNA level, 43 LI 8 and part of 109L05 were 
completely sequenced by shotgun sequencing strategy. Totally* 1,950,406-bp of 
overlapped DNA fragments were sequenced and tliey were aligned into 15S,425-bp 
consensus sequence including 116,495-bp from 43L18. 

[0072] To .further confirm that the Xa 31 gene was located within the sequenced region. 
Molecular markers derived from BAG ends as well as from short-gun clones were used 
for linkage analysis with tti&Xa3] mapping population. Three recombinants were 
identified from 1 640 gametes by BAC end marker 43L1 S-R at proximal side to the Xa31 
locus. Ten recombinants were identified from 3875 gametes by shot-gun marker A1047 at 
distal side to the Xa 31 locus and the 1 0 recombinants were shared by AMI-TAIL. No 
recombinant was identified by BAC end marker 43L1 S-F from the mapping population. 
Shot-gun marker M3623+10K could complement the only one recombinant of M3623- 
The physical organization of the molecular markers at the Xa31 locus was shown in 
Figure 4B. In the Example 4, the Xa3l gene was mapped to the interval between M3623 
and 3612EST2. In this study, the physical size of the interval was revealed to be 9Skb in 
IRBB31 (Figure 4B). 

Example 6 

Genetic complementation and isolation of an Xa31 genomic clone 
10073] Gene prediction with the 98-kb interval between M3623 and 3612EST1 showed 
there was more than 10 putative open reading frames (ORFs) in the interval (data not 
shown). However, none of the ORFs encoded protein with leucme-rich repeat (LRR), 
nucleotide binding site (NBS), and/or kinase receptor domains, which are conserved 
domains jn many of the R proteins. Therefore, the isolation of the Xa31 gene would rely 
on genetic complementation by introducing the genomic clone o£Xa31 into susceptible 
rice variety, such as Taipei 309 or Nipponbare, and looking for resistant phenotype in the 
transgenic plants. 

[0074] The 158,425-bp genomic DNA of Vh&Xa31 locus comprised in BAC clones 
43L18 and 109L05 was subcloned into binary vector pC1300 (GAMBIA) (Figure 5A) for 
Agrobacterium-meiteted transformation of Taipei 309. Eighteen binary constructs were 
made and used for rice transformation (Figure 5B). The size of the inserts in the 
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constructs ranged from 10-kb to 25-kb. The overlapping region between the inserts 
varied from 4-kb to 12-kb with an average size at about 8 kb. The results of blast search 
for rice EST and gene prediction with the 158,425-bp sequence were also taken into 
consideration for making the binary constructs. A modified method was used to produce 
transgenic plants via Agrobacteria (Yin et al. 5 2000). TTansforniants were evaluated for 
resistance to Xoo strain PX099 according to the method described by Kaufman et ai 
(1977). Only healthy and well-developed transgenic plants were used for disease 
evaluation. Table 3 summarized the results of disease evaluation for the transformants 
obtained with the 18 binary constructs. Five transformants of pC9913, four transfonnants 
ofpCl46l5 and thirty-six transformants ofpC17561 showed resistance (R) or moderate 
resistance (MR) to Xoo PX099 (Table 3 and Figure 7). pC1461 5, pC9913 and pC17561 
possessed inserts in a contig of 24190-bp with 5198-bp (SEQ ID NO: 1) in flie 
overlapping region (Figure 6A). 

[007SJ The homozygous T2 transgenic plants of transfomiant 1-3 were used for disease 
evaluation to different Xoo strains. Table 5 summarized the results of disease evaluation 
with 35 Xoo strains from i 1 countries. The Xa31 txansgene conferred high resistance to 
31 Xoo strains and moderate resistance to 3 Xoo strains, and showed moderately 
susceptible to one Xoo strain. It was very interesting to find that the Xa31 transgene in 
Taipei 309 genetic background provided enhanced resistance to the 5 Xa3J compatible 
strains (1 947, C4, ZHE173, K202 and 2) which could infect the IRBB3 1 (Xa3JXa31) 
plants in IR24 genetic background. It still remains to be investigated whether this 
enhanced resistance conferred by the Xa 31 transgene in Taipei 309 genetic background 
resulted from the over-expression of the Xa3J transgene, or other genetic factors present 
in Taipei 309 which could modify the Xa31 resistance specificity. 
[0076] Only one of the 60 independent transformants of pCl 1909 was determined to be 
resistant to PX099 in TO generation and the resistant phenotype of the transforraant could 
be inherited to the next (Tl) generation (data not shown). Because the insert in pCl 1909 
has no overlapping region with the 51 98-bp fragment (SEQ ID NO.l), there may be 
another functional member at iheXa31 locus if the resistant penotype resulted from the 
transgene possessed in pCl 1909 or, otherwise, the resistant phenotype resulted from T- 
DNA insertion or translocation of transposons or refcrotransposons during tissue culture. 
Further genetic characterization of the transformant is in progress. 
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[0077] In summary, genetic complementation oiXa31 phenotype in transgenic plants 
strongly suggests that thsXa3I gene is located within the 5198-bp (SEQ ID NO: 1) 
overlapping region of the inserts of die three subclone constructs. 
[0078] Figure 5 A and 5B show the binary vector pCl 300 and overlaps of construct 
inserts inXa3J complementation study. Figure 5 A shows a diagram of binary vectOT 
pC1300 (GAMBIA, Canberra, Australia) with restriction digestion sites. BAC 43L18 and 
109L05 were digested with proper single or two restriction en2ymes and subcloned into 
the multiple cloning site of the T-DNA of pC1300 to generate binary constructs for rice 
transformation via Agrobacteriwn AGL1. B. Subclone contig of the locus. The 
overlaps of the inserts generated by Sequencher3.0 are indicated to scale. M3623, A1047 
and genomic DNA of the Xa3 1 locus are included. 

[0079] Figure 6A shows the contig of the inserts in binary constructs pC17561, pCl4615, 
pC99 13, pC7023 and cDNA 1 . The cDNA fragment was drawn with the arrow indicating 
the direction of transcription. Figure 6B shows the restriction map of 5198 bp fragment. 
The long vertical lines flank the 5198 bp fragment and the doited vertical lines mark the 
relative position of Nsi I and Avrll. Both of the maps generated by Sequencher3.0 are 
indicated to scale. All of those R and MR transformants contained at least one copy of T- 
DNA insertion revealed by Southern analysis (data not shown). The resistant phenotype 
of the transformants of pC9913 was confirmed in Tl and T2 generation (Tabled and 5, 
Figure 8). Another construct pC7023, which was one of the subclones of pC9913, could 
also produce 9 resistant TO plants (Table 3). 

[0080] Figure 7 shows the phenotype of Xa31 transformants at TO generation. Eight- 
week-old rice plants were inoculated with Xoo strain PX099 using a bacterial suspension 
with a density of 0.5 at OO^oo- At least 5 fully expanded leaves of a single plant were 
inoculated using the leaf clipping method (Kauffinan et al. 1 973). Inoculated plants were 
maintained in a greenhouse and the lesion length was measured 14 days after inoculation 
(DAI). Taipei 309 (pC1300), transgenic TO plants of Taipei 309 with control binary 
vector pC1300; 1-3 (pC9913), transgenic TO plants of Taipei 309 withpC9913; IRBB31, 
Xa31 near-isogenic line (NIL) in IR24 genetic background; 39(pC17561), transgenic TO 
plants of Taipei 309 with pC1756l. 

[O0SJ] Figure 8 shows the phenotype of Xa31 transformants at Tl generation. Eight- 
week-old rice plants were inoculated with Xoo strain PX099 using a bacterial suspension 
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with a density of 0.5 at OD600- At least 5 fully expanded leaves of a single plant were 
inoculated using the leaf clipping method (Kaufftnan et al. 1973). Inoculated plants were 
maintained in a greenhouse and the lesion length was measured 14 days after inoculation 
(DAT). IRBB3 1 , XaSl near-isogenic line (NIL) in IR24 genetic background; transgenic 
Tl plants of Taipei 309 with control binary vector pCl300; 1-3/T1, transgenic Tl plants 
of Taipei 309 with P C9913. 

Table 3. Disease evaluation of transgenic TO plants. 
Constructs 1 TO plants 

Inoculated plants R & MR plants 2 



PC1300 5 


11 


0 


PC25052 


47 


0 


PC15277 


90 


0 


pC134S3 


92 


0 


pC20805 


59 


0 


pCJ3575 


19 


0 


PCI1909 


60 


1 


PCI4615 


15 


4 


pC99l3 


16 


5< 


pC17561 


163 


36 


pC7023 


93 


9 


pC16991 


154 


0 


pC15976 


15 


0 


pCl8877 


48 


0 


pC203S4 


48 


0 


pC 14407 


115 


0 


pC16794 


48 


0 


pC17294 


142 


0 


pCl5822 


122 


0 


PC20013 


98 


0 



Constructs used for complementation study. 
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2 R, resistance, lesion length < 3.0 cm; MR, moderate resistance, 3.0 cm < lesion length £ 6,0 cm; S, 
susceptible, lesion length > 9.0 cm. 
3 pCI 300 was u$ed for rice transformation as vector conrrol. 
^Resistant phcnoiype was confirmed in Tl and T2 generations- 
Table 4. Phcnotypes of transgenic Tl plants inoculated with Xoo PX099. 



Tnmsformants Tl plants 





Toial plants 


R l 


MR 2 


S 3 


1-3 


70 


53 




16 


2-44 


55 


38 




17 


3-1 


30 


1 


9 


20 


4-7 


22 


6 


8 


8 


14-49 


37 


18 


8 


11 



*R, resistance, lesion length < 3.0 cm. 

*MR, moderate resistance, 3.0 cm < lesion length < 6.0 cm, 

^S, susceptible, lesion length > 9.0 cm. 
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Tabic 5. Xa3l gene conferring resistance to multiple Xoo strains in transgenic plants. 



Strain Origin Xa3J inTP309 TP309 



1947 


Africa 




20.1±6.9(S) 


Aust-203) 


Australia 


0-5+0.4 (R) 


7.9+2.0 (MS) 


Aust-R3 


Australia 


0.4±03 (R) 


16.2+2.1 (S) 


CI 


China 


0.3+0.2 (R) 


15.1*2.6 (S) 


C2 


China 


0.2±0^(R) 


1Z1+3.5 (S) 


C3 


China 


0-3+.0.3 (R) 


13.3+3.4 (S) 


C4 


China 


0.3±O2(R) 


9.9±2.9 (S) 


C5 


China 


0.2+0.1 (R) 


4.7+0.6 (MR) 


C6 


China 


03±0.3 (R) 


107±1.7(S) 


C7 


China 


0-2±0.2 (R) 


9.6+1.6 (S) 


GD1358 


China 


0.2±0.l(R) 


5.2*1.7 (MR) 


HB17 


China 


0.8±0.6 (R) 


29.4+3.6 (S) 


HB21 


China 


0.2*0.2 (R) 


16.4+4.2 (S) 


HU72 


China 


0.1+.0.0 (R) 


10.0±l.4(S) 


JS4SM5 


China 


0.H0.2 (R) 


10.8+3.1 (S) 


LN57 


China 


0.4±0.5 (R) 


20.7+3.3 (S) 


NX42 


China 


1.1+0.9 (R) 


24.3±3.4 (S) 


ZHE173 


China 


0-3±0^(R) 


15.0+2.6 (S) 


CIAT1185 


Columbia 


0.3±0.4(R) 


1 1.6+3.1 (S) 


A3842 


India 


0.5+0,6 (R) 


22.1+3.0 ($) 


A3857 


India 


0.2+0-1 (R) 


20.1+3.0 (S) 


1X056 


Indonesia 


4.5+3.9 (MR) 


20,2±2.1 (S) 


H75373 


Japan 


3.0+2.1 (MR) 


20.4+10-5 (S) 


T7174 


Japan 


5.1 ±4.4 (MR) 


21.9+1.9 (S) 


JW89011 


Korea 


2.6±2.4 (R) 


28.7±3.9(S) 


K202 


Korea 


6.3+3.2 (MS) 


22.9+3.6 (S) 


NXO260 


Nepal 


03+0.5 (R) 


24.0+2.8 (S) 


PX086 (R2) 


Philippines 


0.3±0.3 (R) 


16.2+2.4 (5) 


PX079 (R3) 


Philippines 


0.3+0.6 (R) 


12.0±1.7(S) 


PX071 (R4) 


Philippines 


l.fcfcl.7 (R) 


19.1+3.0 (S) 


PXOl 13(114) 


Philippines 


0.1*0.1 (R) 


16.3±2.7 (S) 


PXOH2(R5) 


Philippines 


0.3+0.4 (R) 


19.8+3.9 (S) 
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PXO90 (R6) Philippines 0.3±0.3 (R) 1 7.3±3.8 (S) 

R-7 Thailand 0.6±0.7(R) 20.2±3.0(S) 

2 Thailand 1.7+2.1 (R) 27.5±3.1 (S) 

"Six-weeks-old plants were inoculated with X. ojyzae pv. oryecte. For each strain, at least sixteen leaves 
from four individual plants were inoculated. The lesion length is the average of 1 6 infected leaves. The 
standard deviation of the mean is indicated. 

homozygous transgenic T3 plants of trans fbnnants 1 -3 were used for disease evaluation. 
'Lesion length (cm). 
d Standard deviation. 

% resisianl, 0 cm<lesion Icngih<3.0 cm; MR, moderately resistant 3-0 cmOcSion length£G\0 cm; MS, 
moderarely susceptible, 6.0 cm<iesion lengttr&>.0 cm; S, susceptible, lesion )ength>9.0 cm. 
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Example 7 

f0082nsolation of cDNA clones of the Xa31 candidates and isolation of the 
corresponding recessive alleles of the Xa3I gene from IR24. To isolate the cDNA 
candidate of the Xa31 gene, zmXa31 cDNA library was made for screening for the 
expressional gene(s) from the 5198-bp fragment of Example 6 (SEQ ID NO:l). A 
genomic clone of the recessive allele of Xa3J in 1R24 was also isolated by PCR using 
primers derived from the sequence of the resistant allele, UNA sequence alignment of the 
PCR products showed that a 513 1-bp (SEQ ID NO; 2} contig was isolated from the 
sensitive strain IR24. This 5131 -bp genomic clone corresponded to the almost full length 
of the 5198-bp (SEQ ID NO: 1) fragment from IRBB31. 

[00831 To further isolate ihe Xa3l cDNA clone, subclones of the 5198-bp fragment were 
used as probes to screen tt&Xa31 cDNA library. A 543-bp partial cDNA with a poly(A) 
of 20-nt was isolated from the cDNA library. To obtain full-length cDNA sequence, a 
363-bp cDNA fragment was isolated from Xa31 transgenic plants by 5'RACE. This 363- 
bp cDNA fragment contained a 3 13-bp region overlapping with the 543-bp poly(A) 
cDNA. Thus, the putative full-length cDNA 1 was 593-bp (SEQ ID NO: 3), which was 
confirmed by amplification of the fulMength cDNA 1 by 3 r RACE (Table 6 and 7). 
Comparing cDNA 1 and its genomic clone, no intron was observed within the 
transcription region. There was only one putative ORF in cDNA 1 which encoded a 
polypeptide with 1 13 AA (SEQ ID NO: 5). The homologue of cDNA 1 derived from the 
Xa31 recessive allele, cDNA 3 (SEQ ID NO: 4), was isolated from IR24 by 5* and 
3 TRACE (Table 6 and 7). cDNA 1 and cDNA 3 were almost identical except that cDNAl 
had a longer polyA tail than that of cDNA3. 

[00841 Northern analysis using dsDNA of cDNA 1 (SEQ ID NO: 3) as the probe 
indicated the transcripts (cDNA 1 or cDNA 3) at thejfai/ locus were undetectable in 
both IRBB31 and IR24 without inoculation with Xoo pathogens (data not shown). Trace 
amount of the transcripts could be detected three 3 DPI in both IRBB31 and IR24 with 
little difference (data not shown). 

[0085] Efforts to isolation of cDNA by both screening cDNA library and performing 5' or 
3 'RACE failed to identify any other expressing region within the 5198-bp (SEQ ID NO: 
1) genomic region other than cDNA 1 (SEQ ID NO: 3). 

[0086] BLASTP (http://ww.ncbi.nlm.nih.gov/blast/index.htinl) searches showed that no 
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putative conserved domains have been detected within the 1 13AA (SEQ ID NO: 5). The 
only similarity found was that the 1 13 amino acid sequence of SBQ TD NO:5 shows 
36.8% or 3 8.2% of identity at its C4enninal (62- 1 1 3) to the signal and propetide regions 
of rat or human neuroendocrine convertase 1 (NEC1) precursor (EC3.4.21 .93) (data not 
shown), 

f 0087J The transcripts of the IRBB31 (resistant) and 1R24 (susceptible) alleles of the 
XaSl gene were identical. However, flic differences at the 5 r regulation regions were 
observed with both single nucleotide polymorphism (SNP) and deletions between the two 
alleles (SEQ ID NO:49, SEQ ID NO:51 and Figure 9). Two 25-bp tandem repeats were 
identified at the 20-bp upstream of the putative TATA box in the promoter of the IR24 
allele but only one copy of the 25-bp element was found at that of ERBB3 1 allele. In 
addition, three nucleotides were deleted at the 3 ! of the putative TATA box of the IR24 
allele if compared to that of the IRBB31 allele. GFP tagging study showed that the 
functional terminators of the IRBB31 and IR24 alleles were identical (SEQ ID NO:49 and 
NO:51) (data not shown), figure 9 shows a comparison of the promoters at TATA box 
regions of (JBB3 1) resistant and (IR24) susceptible alleles of the Xa31 candidate gene 
(partial). Gaps (indicated in '«") were incorporated to make maximum alignment of the 
two sequences. Dots below the sequence indicate the difference between IRBB31 and 
IK24 alleles. Initiation site of transcription is marked as +1 below the sequence. Hie first 
codon of 1 1 3 AA is indicated in bold case. The first 25-bp repeat is highlighted in italic 
capital letters while the second 25-bp repeat in italic lowercase. The putative TATA box 
is underlined. 

[0088] In summary, the 5198-bp genomic clone (SEQ ID NO:l), cDNA 1 (SEQ ID 
NO:3), cDNA 3 (SEQ ID NO:4) and 1 13AA (SEQ ID NO:5), were concluded to be the 
genomic clone, the cDNA clone and the deduced polypeptide of die Xa31 candidate. 
The coding regions of HheXa3! candidates were identical between resistant and 
susceptible alleles. The Xa31 gene encodes a novel protein showing similarity at its C- 
terminal to the rat or human NEC1 protein. The regulation of expression of the Xa31 
candidate gene might reside in the 5 f upstream or 3 1 downstream of the coding region. 
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Table 6. Primers for isolating putative Xa31(xu SI) cDNA fragments by 5'RACE and 3 f RACE". 



PCR reaction 
nested 



Primer for first-strand 
cDNA synthesis 6 



3'ftACE for cDNA J 
5'RACE for cDN A 1 (T) 
3TIACE for cDN A ! (T) 
5'RACE for cDNA 3 
3'IUCBft>reDNA3 



3'CDS 
S'CDS 

Oligo-dT-PCR 
5'CDS 

Oifco-dT-PCR 
Anchor 



Primers for RACE 



E4R2/NVP 

3F1/UPM o't 12&AAF/UPM 
PWJ/PCR-Anebor 
3f i/UPM 
E4R2/PCR-Anchor 



Primers for 
PCR 



E4R1/NUP 

3FI/NUP 

PWl/PCR-Anchor 

3F1/NUP 

E4R1/PCR- 



fl primcr sequences are listed in Table 7. 

b $MART If A™ Oligonucleotide, 5 f AAGCAGTGGTATCAACGCAGAGTACGCGGG3' (S£Q ID NO: 
1 8), was added to the reaction of the first-strand synrJicsis in 5*ftACE analysis. 
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T able 7. DNA sequence of primers lisred in Table 6 



Primer DNA sequence (5'-y) 



3'CDS AAGCACTGGTATCAACGCACAGTAC^ON^N (N=A, T, C, or G; NL,«A f C, or G) 

(SEQ ID NO: 19) 

E4R2 CAACCAGCAACGCCACCGAGCC (SEQ ID NO; 20) 

NUP AAGCAGTGGTATCAACGCAGAGT (SEQ ID NO: 21) 

E4R1 ACCTTGCGTCGCCCTCCTCCTG (SEQ ID NO: 22) 

5'CDS 0r)25N.,N(N=A, T, C, or G; N.^A, C, or G) (SEQ ID NO:23) 

3F1 CTCCTCAGCA ATGGCGCCAGCGA (SEQ ID NO: 24) 

UPM CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT (long, 10X, 

0.4um)(SEQ!DNO; 25) 

CTAATACGACTCACTATAGGGC (shon; J OX, 2um) (SEQ ID NO: 26) 
128AAF ACACACAGATCCGTACTCAACTCC (SEQ ID NO: 27) 

Oligo-dT-PCR G A CCACGCGTATCG ATGTCG ACTTTTTTTTTTTTTTTT (SEQ ID NO: 28) 
PWl GAGAGCATCAGAGCAAAGTACTCC (SEQ ID NO: 29) 

PCR-Anchor G ACCACGCGTATCG ATGTCG AC (SEQ ID NO: 30) 



General Material and Methods 
[0089] Plant materials and growth. The Fl hybrid seeds of 78-1-5 BC2F3 andIR24 were 
obtained from the International Rice Research Institute (IRRI) (R. Nelson and G. Khush). 
Plants of 78-1 -5 BC2F3 were derived from a cross between 0. sativa cv J0R31917-45-3-2 
and O. minuta Acc. 101 141 (Amante-Bordeos et al. 1992). Disease resistance of the Fl 
plants was evaluated by inoculation wiftiXoo strain PX099 and the highly resistant plants 
from the backcross 78-1 -5-#l 69 were selected for further backcrosses of isogenic lines. 
The doubled haploid (DH) mapping population, wild species O. minuta Acc. 101 141, and 
other culivars used in the study, £&, C039, 1R24 and IRBB21, were kindly provided by 
N, Huang and H. Leung from IRRI. Rice cultivar Taipei 309 was kindly provided by W. 
Tian from tlie Institute of Genetics and Development of Chinese Academy of Science, 
Beijing, China. Rice plants, including those inoculated withXofl strains, were grown in 
the greenhouse at a temperature of 26°C (night) to 32°C (day) in Singapore. 
[0090] Xoo strains and bacterial blight inoculation. Xoo strains Cl> C2, C3, C4, C5 9 C6, 
C7 were kindly by Qi Zhang of Chinese Academy of Agricultural Sciences (CAAS). 
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Other Xoo isolates used in this study were kindly provided by J. E. Lech at Kansas State 
University. Bacterial blight inoculation was carried out using the leaf-clipping method 
described by Kauffman et al (J 973). Briefly, Xoo strains were grown on PSA medium 
(10 g/1 peptone, 10 g/1 sucrose, 1 g/1 glutamic acid, 16 g/1 bacto-agar and pH 7.0) for 2-3 
days. The bacterial cells were suspended in sterile water with a density of 0.5 at OD600. 
The bacteria] celt suspension was applied to the two youngest fully expanded leaves of 
each tiller by clipping 5-6 cm from the tip of the leaf using a pair of scissors dipped in the 
inoculum. Lesion length (LL) was measured two weeks after inoculation. The symptom 
of disease was ranked as resistant (R, LL53.0 cm), moderately resistant (MR, 3.0 
cm<LL<6.0 cm), moderately susceptible (MS, 6.0 cm<LL<9.0 cm) and susceptible (S, 
LL>9.0 cm) (Amante-Bordeos et d. 1992). 

[0091] DNA extraction and Southern hybridization. Rice genomic DNA was extracted 
from young leaves as described by Dellaporta et al (1 984). Approximately 2 ^g of rice 
DNA was digested with an appropriate restriction enzyme and fractionated in a 0.65-0.8% 
agarose gel by electrophoresis. Southern hybridization was earned out using standard 
procedures (Sambrook et al, 1989). Labeling of the probes and signal detection were 
done with the Rediprrme ni n of Amersham Biosciences. 

[0092] "Stringent hybridization conditions" are those that (1) employ low ionic strength 
and high temperature for washing for example, 0,0 15M NaCl/0.O0l5M sodium 
tatratc/0. 1 % sodium dodecylsulfate at 50°C, or (2) employ during hybridization a 
denaturing agent such as formamide, for example, 50% (vol/vol) formamide with 0.1% 
bovine serum albumin/0. 1 % Ficoll/0. 1 % polyvinylpyrrolidone/50 mM sodium phosphate 
buffer at pH 6.5 with 750 mM NaCl, 75mM sodium citrate at 42°C. Another example is 
use of 50% formamide, 5 x SC (0.75M NaCl, 0.075M sodium citrate^ 50mM sodium 
phosphate (pj-l 6.8), 0.1% sodium pyrophosphate, 5 xDenhardt's solution, sonicated 
salmon sperm DNA (50 mu g/ml), 0,1% SDS S and 10% dextran sulfate at 42°C, with 
washes at 42°C. in 0.2 x SSC and 0.1% SDS. Alternatively, "stringent hybridization 
conditions" are those conditions in which a nucleic acid having greater than about 80% 
homology, preferably greater than about 90% homology, most preferably, greater than 
about 95% homology to the R.anaiipe$tifer QmpA gene will hybridize to that gene. 
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The nucleic acid may be labeled, e.g. using any of the type of labels described above, or 
alternatively, a labeled reporter nucleic acid that binds to the detection nucleic acid, may be 
employed. Additionally, other marker techniques as known in the art may be employed. 
10093] Randomly Amplified Polymorphic DNA (RAPD) analysis. Ten resistant F 2 plants 
and 10 susceptible F 2 plants from an Xa3l segregating population in IR24 genetic 
background were selected to make resistant pool and susceptible pool respectively for 
bulk segregant analysis (BSA) (Michelmore et ah 1991). Equal amounts of genomic DNA 
(10 ng/pl) from each respective individual plant were mixed to form pools. 
Approximately 10 ng of the pool DNA was used for each RAPD (Williams et al. 1990) 
reaction. Random primers were obtained from Operon Technologies (Alameda, Calif,). 
The reaction mixture was incubated at as following temperature: 94°C for 120 s, followed 
by 40 cycles of 94°C for 60 s, 37°C for 45 s, and 72°C for 90 s. The PCR was terminated 
following an incubation at 72°C for 5 rnin. About O.lfd of [ 33 P«ct]dCTP (3000 Ci/mmol, 
Amersham Biosciences) was added to each reaction mixture for labeling PCR products. 
The PCR products were denatured and then separated on a 4.5% polyacrylamidc gel using 
the Sequi-Gen sequencing cell from Bio-Rad (Hercules, Calif). The dried gel was 
exposed to Biomax XR film (Eastman Kodak, Rochester, NY) for 2-3 days. Primers that 
revealed polymorphism between pools were tested further using the 20 individual DNA 
samples included in the pool. DNA samples from O. minuta Acc. 101 141, IR31917-45-3- 
2, IR24 and C039 were also tested for individual RAPD analysis. 
10094] Amplified Restriction Fragment Polymorphism (AFLP) analysis. DNA samples 
from four groups of plants were used for AFLP (Vos et al. 1995) analysis. Groups Rl and 
SI consisted of 1 8 resistant or susceptible individual plants from an F2 segregating 
population in C039 genetic background. Groups R2 and S2 contained 18 resistant or 
susceptible plants from 6 RM2 (RAPD marker 2, also see results section) recombinant 
segregating populations in IR24 genetic background. AFLP analysis was performed 
according to the AFLP instruction manual of AFLP™ Analysis System IT and AFLP 
Small Genome Primer Kit (GIBCO BRL). The AFLP preamplified products were 
obtained through the use of the E-0/M+C primer pairs. For selective amplification; the 
[ 33 P-y]ATP-labeled EcoRl primers were utilized in combination with Msel primers. All 64 
pairwise combinations of EcoRl and Msel primers were used to screen for polymorphism 
between individual plants of the 4 groups. The amplified DNA fragments were denatured 
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and then separated on a 4.5% polyaciylainide gel using the Sequi-Gen sequencing cell 
from Bio-Rad. The dried gel was exposed to Bioraax XR film for 2-3 days. 
[0095] Thermal Asymmetric Interlaced PGR (TAIL-PCR). TAIL-PCR was performed 
according to Liu et al (1995), wilh the minor modification that 15 supercycles in the 
secondary reaction and 30 reduced-stringency cycles in the tertiary reaction were 
performed. The arbitrary degenerate primers are: AD1, 
MTCGA(G/C)T(A/T)T(G/C)G(A/r)OTT (SEQ ID NO: 31); AD2, 
NGTCGA(G/Q(A/T)GANA(A/T)GAA (SEQ ID NO: 32); AD3, 
(A/T)GTGNAG(A/T)ANCANAGA (SEQ ID NO: 33); AD4, 
NGTA(G/C)A(G/C)(A/T)GTNA(A/T)CAA (SEQ ID NO: 34); AD5, 
AG(A/T)GNAG(A/T) AN CA(A/T) AGG (SEQ ID NO: 35); AD6, (G/C)TTGNT 
A(G/C)TNCTNTGC (SEQ ID NO: 36). The nested primers on BAC vector are: 
BACF1, ACGTTGTAAAACGACGGCCAGT (SEQ ID NO: 37); BACF2, 
GTAATACGACTCACTATA 

GGGCGA (SEQ ID NO: 38); BACP3, GAGTCGACCTGCAGGCATGCA (SEQ ID NO: 
39);BACR1, 

CTTCCGGCTCGTATGTTGTGTGG (SEQ ID NO: 40); BACR2, 
GAGCGGATAACAATTTCACACAGGA (SEQ ID NO: 41); BACR3, 
TTAGGTGAGACTATAGAATACTCA (SEQ ID NO: 42) (Liu et al. 1998). The nested 
primers for AMI -TAIL were A1F1 (5TAACAACATGAGAATTACTAATCCG3') (SEQ 
ID NO: 43), A1F2 (5'CATGTATCCAAGTTCGTAGCTAG3') (SEQ ID NO: 44) and 
A1P3 (5TTGGTTTTTTTGAATGAAGGGTATAT3') (SEQ ID NO: 45); The nested 
primers for AM2-TAIL were A2F1 (5V\ATTCATGCCCACAAGTACAGTAC3') (SEQ 
ID NO: 46), A2F2 (S'CTGAAACACAGGAAAAATCCCGTn') (SEQ ID NO: 47) and 
A2F3 (5TGCATAGGCCCTGTTTAGTTCTAA3 1 ) (SEQ ID NO: 48). 
[0096] Mapping ofZcJi-linked markers on flie rice linkage map.A standard mapping 
population was used for the mapping of Xa31 -linked markers on a rice genetic linkage 
map. The population consisted of 1 11 double haploid (DH) lines developed from a cross 
between the indica variety IR64 and ih&japonica variety Azucena (Huang et al 1 994). 
The genetic linkage map constructed in the DH mapping population contains 271 DNA 
markers. The linkage group or chromosomal locations of the markers identified in this 
study were determined using the Mapmaker program (Macintosh version 2.0) (Lander et 
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al. 1987). The maximum-likelihood map order for markers was determined with a LOD 
score threshold of 3.0 and all map distances (cM) are reported in Kosambi units. 
[0097] BAC library construction. Bacterial Artificial Chromosome (BAC) library of 
Xa3 1 was constructed according to the protocols described in details by Wang, et al., 
(1 995). Construction of a rice bacterial artificial chromosome library and identification of 
clones linked to the Xa-21 disease resistance locus. The Plant J 7:525-533. Briefly, Xa31 
homozygous plants (progenies of IR24BC2F2- 13-552 (Xa3J/Xa31)) were growi in a 
greenhouse for 7-10 days. High-molecular weight (HMW) nuclear DNA was isolated and 
embedded into low melting agarose plug for partial digestion by Hind III. Partially 
digested HMW DNA was then size-fractionated using a Pulse-Field Gel Electrophoresis 
(PFGE) device (CHEF Mapper II, Bio-Rad). Size-fractionated DNA (100-300kb) was 
recovered by electroelution (Strong et al., 1997) from low-melting-point agarose gel and 
ligated to Hind-Ill digcsied and dephosphorylated BAC vector pIndigoBAC-5 
(EPICENTRE, Madison, WI53713, USA). The ligation mix was electroporated into 
E.coli DH10B cells using the Cell-Porator system (GIBCO-BRL), BAC clones were 
picked up manually and arrayed in 384-well plates with 60 (il freezing media in each 
well. BAC clones were cultured at 37°C for 14-1 6 hours and stored in an -SG°C freezer. 
The BAC library consisted of about 50,000 clones with inserts ranging in size from 30- 
150kb with the average size at 50kb. The coverage of this library is at least 5 times 
equivalent to the rice genome. 

[0098] Sequencing of BAC DNA - BAC plasmids were sequenced using shotgun method. 
BAC DNA was purified by running in 0.8% agarose gel and recovered by electroelution 
(Strong et al., 1 997). The purified DNA was sheared by sonication and then fractionated 
in 1% agarose gel. Size-fractionated DNA (1-L5kb) was recovered using gel extraction 
kit (QIAGEN). The ends of DNA fragments were modified by T4 DNA polymerase and 
E. coli DNA polymerase T Klenow fragment The modified DNA fragments were cloned 
into EcoR V site of pBluescript KS (+) (Stratagene) to generate shotgun library. Shotgun 
plasmids were sequenced from both ends of Hie inserts with Ml 3 forward or reverse 
primers using ABI Prism dRhodamine Terminator Cycle Sequencing Ready Reaction Kit 
(PE Applied Biosy stems, Foster City, USA) and an ABI Prism 310 Genetic Analyzer 
with Data Collection software (PE Applied Biosystem) supplied by the producer. 
[00991 DNA sequence analysis. The publicly available BAC (Bacterial Artificial 
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Chromosome) or PAC (PI Artificial Chromosome, Baba et al. 2000) sequences of 0. 
sativa cv. Nipponbare were downloaded from Rice Genome Sequence Program (RGP) 
website (hUT>://riaxdna.aff^ as well 

as from other available Genbank. DNA sequence was aligned and analyzed using 
Sequencher 3,0 program. Sequence alignment was also carried out using Pairwise 
BLAST (http://www.ncbi.nhn.n^ 

[0100] cDNA library construction. To obtain pathogen-induced as well as constitutive 
mRNA, 6-week-old plants containing homozygous Xa31 gene were inoculated with 
PX099 of the Philippines Xoo strains. Three grams of 5-cm leaf tips were harvested at 1, 
3, 5, and 7 days after inoculation (DAI) and pooled for RNA isolation with 
TRIZOL®Reagent (GTBCO BRL). cDNA library was constructed with Uni-ZAP XR 
insertion vector and kits from STRATAGENR The cDNA library contained 5.2 x 10* 
pfu. 

[0101] Rapid Amplication of cDNA Ends (RACE). Total RNA was isolated from leaf 
tissues of IRBB31, IR24 as well as Xa31 transgenic plants 6 days after inoculation 
(6DAI) with TRJZOL®Reagent (GIBCO BRL). Both 5'- and 3 T -rapid amplification of 
cDNA ends (RACE) were carried out using the SMART™ RACE cDNA Amplification 
Kit obtained from CLONTECH.The primers used for iirst-strand cDNA synthesis, 
5 , RACE and 3 ! RACE, as well as Nested PCR (second round PCR using S'RACE or 
3'RACE products as templates) are listed in Table 6 and 7. 
[0102] Transformation. Agrobacteriiun-medmte& transformation of Taipei 309 or 
Nipponbare was carried out according to the method described as Yin et al. (2000). 
Briefly, vigorously growing embryogenic calli derived from the scutellum of mature 
embryos was co-cultivated with A tumefaciens strains AGL1 harboring binary constructs. 
After co-cultivation, the rice tissues were cultured on the NB 0 medium containing 250 
mg/1 cefotaxime, 200 mg/1 ampicillin, 2 mg/1 2,4-D and 50 mg/1 hygromycin at 26°C in 
the dark for 3-4 weeks. Hygromycin resistant calli were subcultured on fresh selection 
medium for 2 weeks and then transferred to the NB 0 medium containing 1 mg/1 6-BA, 2 
mg/1 NAA, 5 mg/1 ABA and 50 mg/1 hygromycin for 3 weeks. Compact, white 
embryogenic calli showing hygromycin resistance were transferred to the NB 0 medium 
containing 2 mg/1 6-BA, 1 mg/1 IAA, 1 rag/1 NAA, 1 mg/1 KT and 50 mg/1 hygromycin 
and regenerated at 26°C with a 14-hour light (about 2000 lux) and a 10-hour dark period. 
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Regenerated plantlets were subsequently transplanted to the soil in pots and grown in a 
greenhouse. 
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